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Ϛ.› ṕ

ṤЭ,ѷꜜϱּ500צפ ᾼ ч ế ╟ Ѧ ,
ᴩ ᶰȴẔМҔ╗ּר 16 ֯в, Бᶙכ ᶰц ᶰМᾼ 7צ ,
ԓѷꜜ 23צ ӣ Бᶙכ ᶰᵂ ȴ

֢ ᶰἬ ᾼ ếכӐ ד Є, ϱӦ ᾼ10ד
ֵẞ  ᾼ30~40כ,דӐ юᾼ2 аẞ11רּ а,Ệרּ ᶰ Ӑכ
ế ᶰ ậѠהȳ ѿц ᾼ ȳЄЊצ ,ᵀ ᶰᾼᶾ ế
ᴩ Ϸ᷊ ‍ Ṕᴥȴ

Ὠиέ( ῶ) ῀, ᶰᵂ Ӑѻכ ӭв,֯ ╟Ὂ ∟,
Ϡӣ ҵ,Ἤ Ӣᾼ ᾬ ế ӣכӐּפ 20~30%П
, ᴖ ᾬ ᵑМ Є ԌⱢ ᴆ╬ếᵅ ᴆ╬ᾬ῏,֯ в

ᴞṝ ∟, ᶔ Ғѿ ԛᵓӣן֫ ᾬ , ᵅ ẞ Ἤ,
Ҡ ᵅ ᶰכӐȴ

Ӑѝѻס,Ϛ῏ ẁ רּ- ֯ Ὅ ἤ ᾬᾎ ᾼạứ
ἤ,╥ֽᴶ֥ ạ ᶮ,ѿцẔֽᴶ ᾼ ᶰᵂ
╟П έ;ϡ῏ ҏẔ֯ ᶰ ᾬ ᶾ ╟ Ѡ ᾼ ч ,
ẁ в ֽᴶ כ ӭ П ,ѿ ᴕȴ



ᶰᵂ ѻ Ӑᴷכ ῶ

(  H. D. Oak, G. M. Holter, W. E. Kennedy, NUREG/CR~0672 Technolojgy, Safety and Costs of Decommissioning a 

Reference Boiling Water Reactor Power Station 1979) 



Vermont Yankee Nuclear Power Station
ᶰᵂ ѻ Ӑᴷכ ῶ (thousands of $2006) 

Facilities Decontamination 10,039 
Dismantle Removal 80,287 
Waste Packaging 11,981 
Waste Transportation 13,075 
Waste Disposal 70,476 
Off-site Waste Processing 33,761
éééééééééééééééééééééééé.. 

Program Management 312,639 
Corporate A&G 19,414, 
ISFSI Related 127,934 
Insurance and Regulatory Fees 24,906
Energy 5,933
Characterization and Surveys 11,138 
Miscellaneous Equipment 6,564 
License Termination 468,844 
......................................................................................

Spent Fuel Management 219,249 
Site Restoration 40,053 
------------------------------------------------------------------------------
Total 728,146

(TLG Services, Inc. ,Vermont Yankee Nuclear Power Station ,Decommissioning Cost Analysis for 'the

Vermont Yankee  Nuclear Power Station, January 2007)



ȶ ὑ 109 9ѣ3ѡד ứ∟ ӣᴷ Ɫפּ 4,729 а
ȶ Ӗ ᴟד 76 111 ѣἉѦȲ 09ד 4,150.38 а
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ϡ. ү-רּ- Ὅ ἤ ᾬи ᾎ



1. IAEAὍ ἤ ᾬи
(WASTE  CLASSIFICATION  OF RADIOACTIVE)

High level waste ( HLW): Ὅ ἤ ⇔
Ѭӂ ẞṜѿӦὑẔὍ ἤ
ӢЄ ᾼ ᾬἨᵶצЄ  
ỄὍ ἤ ᾼ ᾬȲױ

ᾬ Ɫ ȴ
Intermediate level waste ( ILW): Ὅ
ἤ ᾬ ⇔ӦὑẔᵶ  ỄὍ

ἤ Ȳ ⱢѩῺ֮ῶ
ẁḆЄ ⇔ᾼ ạế ȴ

Low level waste ( LLW): ὑ
⇔Ѭӂᵀᵶצצ ᾼ  ỄὍ
ἤ ᾼ ᾬȴ ᾬ  

ᴍדᾼ Є ế ạȲṳѹ
֥֯Џ Ὼ֮ῶ ╟М ȴ
Very low level waste ( VLLW): ӑ
֥ ᵍ ạ ᾼ ᾬ( EW)ȲᵀЛ

Ѭӂᾼ ế Ȳ֪ױ ֥
֯ ạצ ᾼῺ֮ῶ ╟М

ȴ
Very short lived waste ( VSLW):

᷅ ᾼׄ ȲҠѿ֯ 
צᾼד в ṳ ∟

ạМ ᾼ ᾬȴ

Exempt waste (EW) ᵍ ạ ᾬ:
֥ Ṯ ạ ȳ ᵍἨ

ᾼ ᾬ(Ref. IAEA General Safety Guide No.1
CLASSIFICATION OF RADIOACTIVE WASTE ) 

~108ï109

Bq/g 

Clearance 

levels



ᶰὍ ἤᴆ╬ Є иⱢẒ ȸ
(clearance) ἨᵂⱢὍ ἤ ᾬ ȴ

ếҠ ᵍ ạҵ (clearance and release) иⱢ
Ϯ ȸצ ɎҠᴞӦὍ ɏȷצ Ԉᾼ ȷế Ὅѿ
ᵂⱢ֫ןԛᵓӣȴ

֥ ᾬ Ϛ ╥Ҡ ӣὑБ ạѹ Ẕӑ
ẃṿӣḥצ ạᾼḊ ȴ צ ὑד Ҡ ᵑᾼ∂ Ȳ ϱ
╥Ṽ І ( IAEA RS- G- 1.7Ȳ Application of the Concepts of 
Exclusion, Exemption and Clearance ) ế ( IAEA SRS No.44 DERIVATION 
OF ACTIVITY CONCENTRATION VALUES FOR EXCLUSION, EXEMPTIONAND 

CLEARANCE ) ( ȳ ᵍế ) Ἐᾼ ӣ ứȴ Єֵ
Ϸצ ὑ Ҡ ᵍ ạҵ ᾼ ᾎ Ȳ ṷᾎ
֥ IAEA ᾼ∂ ȴ

( Waste Management & Decommissioning Working Group ,World Nuclear Association(WNA)

, Methodology to Manage Material and Waste from Nuclear Decommissioning February 2019

Exempt waste (EW) ᵍ ạ ᾬ



ῶ 15 ЄỨᾬ ᾼ (exclusion ) ế ᵍ ạ(exemption)
( ) ⇔ (Bq/g)

a: Indicates a half-life of less than 1 d. : ῶ в ӑᶙ

( IAEA  SAFETY REPORTS SERIES No. 44 , DERIVATION OF ACTIVITY CONCENTRATION VALUES FOR EXCLUSION, 

EXEMPTION AND CLEARANCE ,2005 )



ᴫ Ầ ɎWENRAɏ╥Ϛ ȲӦ צ ᾼ ☺
ᾼ Ϣế ЏᵂϢ ȴכ

WENRAᾼѻ ӭ ╥ạứ ׄԓ ӣѠᾎȲ ẁ Ӵ ▲ ׄԓᾼ ϩȲ
ṳⱢ ☺ѻ ׄԓ ẁӻ☼ ế Єׄԓ ᾼ ȴⱢ
Ϡᶙכ ṷԉ Ȳ֯ WENRA вכӴϠẒ Џᵂ ɉɉч Ầ Џᵂ
(RHWG) ế ᾬ ᶰЏᵂ (WGWD)ȴ

WGWD ֯ ╟ׄԓ ᾼЏᵂכὨếὍ ἤ ᾬ ӭᾼ╥
RHWG ᵫế IAEA documents (requirements, guidance, etc .
Мᾼ ᾎȲⱢ ṷ ╟ ẁׄԓ ᴕѬӂ (SRL)ȴ
ȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼ

כ 18
ѩᵓ ȳ’ҒᵓṸȳ ᵌԚế ȳῨ ȳᾎ ȳ ȳ֖Ѳᵓȳ Єᵓȳ
Ӵ ửȳ ȳ ҼṸȳ ♠ԄᵌԚế ȳ ♠ѝҼṸȳᴫ Ѳȳ

ẕȳ Ђȳ ᵌ ế
ד 2 כ

Ғ Єế• ṩ
12 

ṸּרҼṸȳ ֮ᵓȳӪ• ȳ ȳО ȳ ȳѡӐȳ
ȳ №ȳᾌ ȳ Ṹếּר

2.ᴫ Ầ ( WENRAɏ(ᾎ IAEA documents (requirements,
guidance) 

( Report of the Working Group on Waste and Decommissioning (WGWD) April 2018
Report Radioactive Waste Treatment and Conditioning Safety Reference Levels ) 



(Ẃ) ╟ ᶰ ᾬ ếᾎ

WENRA╥ẃᴞṿӣ ᾼ18
ᾼ ᾼ

, ӴϠẒכ Џᵂ
(ч Ầ Џᵂ (RHWG) 
ế ᾬ ᶰЏᵂ

( WGWD))
EURATOM╥ ѿҵᾼ Ӵ

Ȳᵀ ỗ Ἤ
צ Ԛṹ

ENSREG ỗ Њ
ӴϠכ 4 Џᵂ Ɏ ׄԓȳ
Ὅ ἤ ᾬế ᶰ ȳ
ӣ ế ֥ᵂɏ

BFE ṩ ᾬ ׄԓ
е⅍

( Dr. J. Shang , Waste management during decommissioning of nuclear facilities in Germany, Seminar on
regulations and technology of waste management and disposal in Germany ,3 28 2018 Taipei , )



ֽὨὍ ἤ ᾬ ᵶצῶ 1 МἬԝᾼ
Ὅ ἤ Ȳи Ṽ ֽϯѠהȸ

(i) ֽὨ ⇔Л ῶ 1 М ᾼ 0.1 Ȳ
⁄ ᾬᾬⱢ A ȴ

(ii) ֽὨ ⇔ ῶ1Мᾼ 0.1 Ȳ
ᾬᾬⱢ C ȴ

(iii) ֽὨ ⇔ ῶ1ȲϚ Л ắᾼ
ᾬᾬ ᵓӣῺ֮ῶ ȴ

ȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼȼ
ֽὨὍ ἤ ᾬᾬЛҔᵶ֯ῶ 1 Ἠῶ 2 

Мԝҏᾼԉᴶ Ȳ
(i) ֽὨ ⇔Л 1 ԝ( Col) Мᾼ Ȳ

ᾬᾬⱢ A ȴ
(ii) ֽὨ ⇔ 1 ԝ( Col)ȲᵀЛ

2ԝȲ ᾬᾬⱢ B ȴ
(iii) ֽὨ ⇔ 2 ԝȲᵀЛ

3 ԝȲ ᾬᾬⱢ C ȴ
(iv) ֽὨ ⇔ 3ԝȲ ᾬ ᾬ

Л ắⱢῺ֮ῶ ȴױ
ᾬ ᾬⱢ C ( GTCCɏȴ

רּ.3 (US) 10 CFR  Ǧ61.55 Waste classification

Radionuclide Concentration 
curies percubic meter

C-14 8
C-14 -94 in activated metal 0.2
Tc-99in activated metal 80
Ni-59 in activated metal 220
Nb 3
I-129 0.08
Alpha emitting transuranicnuclides with half-life 
greater than 5 years 100
Pu-241 3,500
Cm-242 20,000
(Unitsare nanocuriesper gram.)

Table 1

Table 2
Radionuclide Concentration,

curies per cubic meter
Col. 1 Col. 2 Col. 3

Total of all nuclides with less than 5 year 
half-life 700 (1) (1)
H-3 40 (1) (1)
Co-60 700 (1) (1)
Ni-63 3.5 70 700
Ni-63 in                     35        700          7000
activated metal
Sr-90 0.04 150 7000
Cs-137 1 44 4600

(1) There are no limits established for 
these radionuclides in Class B or C wastes.

: ӑ ứ ᵍ ạ ᾬ(EW) 



Ϛȳ̻ ᾬȸ╓ᵅὍ ἤ ᾬἬᵶ ⇔ᵅὑɎᵶɏ ῶϚ ⇔

ПϫиПϚ цᵅὑɎᵶɏ ῶϡ ϚᴩП ⇔ ῏ȷ

ϡȳ̼ ᾬȸ╓ᵅὍ ἤ ᾬἬᵶ ⇔ ὑ ῶϡ ϚᴩП ⇔

ѹᵅὑɎᵶɏ ϡᴩП ⇔ ῏ȴ

Ϯȳ̽ ᾬȸ╓ᵅὍ ἤ ᾬἬᵶ ⇔ ὑ ῶϚ ⇔ ϫиП

Ϛ ѹᵅὑɎᵶɏ ῶϚП ⇔ ῏ȷἨ ὑ ῶϡ

ϡᴩП ⇔ ѹᵅὑɎᵶɏ ϮᴩП ⇔ ῏ȴ

ҳȳ ̽ ᾬȸ╓ᵅὍ ἤ ᾬἬᵶ ⇔ ὑ ῶϚП ⇔ ῏ȷ

Ἠ ὑ ῶϡ ϮᴩП ⇔ ῏ȴ
16

ᵅὍ ἤ ᾬṼẔὍ ἤ ⇔и ứֽϯȸ

Ὅ ἤ ᾬ ᾬṼẔẃ ȲиⱢ:
1) Ὅ ἤ ᾬ…╓: ẁ Пӣ І Ἠ

Ẕ ԛ ᾼ ậ ᾬ
2)ᵅὍ ἤ ᾬ…: Ὅ ἤ ᾬѿҵᾼἬצὍ ἤ

ᾬȴ ᵅὍ ἤ ᾬṼἬᵶὍ ἤ♄⇔ ⇔Ȳ
Ӧᵅᴟ ԛиⱢAȳBȳCц C(GTCC) ҳ Ȳᴖиᵑ
ҳױ ᾬ Ȳ ứЛ֝П Ѡה

4. Ὅ ἤ ᾬ ᾬи (ᵅὍ ἤ ᾬ цẔ ╟ׄԓ

⁄)

http://www.6law.idv.tw/6law/law2/����G��@�u�b�ƴ�
http://www.6law.idv.tw/6law/law2/����G��@�u�b�ƴ�
http://www.6law.idv.tw/6law/law2/����G��@�u�b�ƴ�


 ῶϚȸ Ϛ ҙ ⇔

 /  ҙ  ⇔ : 1012 Bq/m
3
 

14
C               /   0.30 ד 5730 

14
CɎ♄о  вɏ /  5,   3.0 ד 730

59
NiɎ♄о  вɏ/  5,   8.1 ד 730

94
NbɎ♄о  вɏ/   0.0074 ד 7,500 

99
Tc           /  214,   0.11 ד 000

129
I          /  1,600,0   0.0030 ד 00

TRUɎҙо Єὑ Пד5  Ԅ
Ὅ ɏ 3.7  kBq/g 

241
Pu          /  kBq/g   130 ד 24,056  

242
Cm          /  kBq/g   740 ד 163     

 

 ῶϡȸ Ϛ ҙ ⇔

 / ҙ  
⇔ Ɏ1012 Bq/m3ɏ 

Ϛᴩ ϡᴩ Ϯᴩ 

1ҙо Њὑ ПἬד5
צ ế 

26 Ϛ Ϛ 

3
H   / 12.3  y 1.5 Ϛ Ϛ 

60
Co /   5.27 y  26 Ϛ Ϛ 

63
Ni / 100   y 0.13 2.6 26 

63Ni ( ♄о  в)  1.3 26 260 
90Sr /  28.8   y 0.0015 5.6 260 
137Cs /  30.23  y 0.037 1.6 170 

 

Ϛȸ̼ ᾬц̽ ᾬṳ ױ ⇔
П ạȴҠ ᴩ ȳ֞ẫ

ᵂ Ȳᴕ ҵ Ȳᴖ ạ ṷ
П ⇔ȴ ‍ӦӐῶвẔ҃ ḟứ ᾬ

ὑ̽ ᾬȲᵡ⁄ ὑ̼ ᾬȴ 
  

 



Ϛứ♄⇔Ἠѩ♄⇔ѿϯὍ ἤ ᾬ ᾎ ( ד 93 12 ѣ 29 ѡ)

1 Ӑ ᾎṼὍ ἤᾬ ᾎ ϮϫϚ ϡ ứ ứПȴ
3 Ӑ ᾎ ứПϚứ♄⇔Ἠѩ♄⇔ѿϯὍ ἤ ᾬ (ѿϯ

ᾬ) Ȳ╓ϯԝ ứѿҵПỆ Ὅ ἤ ᾬȸ
Ϛȳ( )ȴ ϡȳ ( ) ȴ

› ᾬП ȲṼ ῶП ứȴ
4 Ὅ ἤ ᾬП♄⇔Ἠѩ♄⇔ ֥› ứ ѿϯ῏Ȳ Сҵ ȴ

ᾬПҵ ȲӨ ῏ ҏ ὙϯԝṶ Пҵ Ȳ ѻ
∟ȲỞ ⱢПȸȼȼȼ

6 Ὅ ἤ ᾬṼ ᴷȲϚדвἬ כ ϢПצ Л
ʂȵʂϚ ᴫӆȲѹ Л ϚϢᴫӆ῏Ȳ ҏ

ᴷ ᵫцҵ Ȳ ѻ ∟ȲỞ ҵ ȴ

ɶϚứ♄⇔Ἠѩ♄⇔ѿϯὍ ἤ ᾬҵ ⁄ɷ (ד95)

ᴕ:ύц ạ ᴷП иέ (ד95)

ạὍ ἤ ᾬ(ҵ )ᾼ ứ
(Ϛứ♄⇔Ἠѩ♄⇔ѿϯὍ ἤ ᾬ ᾬ ᾎ)



ạὍ ἤ ᾬ(ҵ )ᾼ ứ
(Ϛứ♄⇔Ἠѩ♄⇔ѿϯὍ ἤ ᾬ ᾎ)

Ϛứ♄⇔Ἠѩ♄⇔ѿϯὍ ἤ ᾬП
Ϛȳ Ϛ ȸ ᾬ ᾬᵶ Ϛ П Ṽϯԝ֢ ПϚ

 

 

ḕדҵ
ᾬ♄

⇔  

(ṙᵌ) 

ḕדҵ
Ϛе П
ᾬѩ♄

⇔  

(ṙᵌ/ᵌ) 

ḕדҵ Ϛ
е ѿϯП

ᾬѩ♄
⇔  

(ṙᵌ/ᵌ) 

H-3 1.E+9 1.E+2 1.E+6 

Be-7 1.E+7 1.E+1 1.E+3 

C-14 1.E+7 1.E+0 1.E+4 

F-18 1.E+6 1.E+1 1.E+1 

Na-22 1.E+6 1.E-1 1.E+1 

Na-24 1.E+5 1.E+0 1.E+1 

Si-31 1.E+6 1.E+3 1.E+3 

P-32 1.E+5 1.E+3 1.E+3 

P-33 1.E+8 1.E+3 1.E+5 

S-35 1.E+8 1.E+2 1.E+5 

Cl-36 1.E+6 1.E+0 1.E+4 

Cl-38 1.E+5 1.E+1 1.E+1 

K-40 1.E+6 1.E+1 1.E+2 

K-42 1.E+6 1.E+2 1.E+2 

K-43 1.E+6 1.E+1 1.E+1 

Ca-45 1.E+7 1.E+2 1.E+4 

Ca-47 1.E+6 1.E+1 1.E+1 

Sc-46 1.E+6 1.E-1 1.E+1 

Sc-47 1.E+6 1.E+2 1.E+2 

Sc-48 1.E+5 1.E+0 1.E+1 

V-48 1.E+5 1.E+0 1.E+1 

Cr-51 1.E+7 1.E+2 1.E+3 

Mn-51 1.E+5 1.E+1 1.E+1 

Mn-52 1.E+5 1.E+0 1.E+1 

Mn-52m 1.E+5 1.E+1 1.E+1 

Mn-53 1.E+9 1.E+2 1.E+4 

Mn-54 1.E+6 1.E-1 1.E+1 

Mn-56 1.E+5 1.E+1 1.E+1 

(в ӑᶙ )



Ϯ. ү-רּ- Ὅ ἤ ᾬ ן ⁄

1. Konrad ᾼᵅὍ ἤ ᾬ ן

רּ.2 ҃EnvirocareὍ ἤ ᾬ ן

3.ү еҨᵅὍ ἤ ᾬ ᾬ
ן ( )



ἏKonrad repository( Ἦ )ᾼᵅὍ ἤ ᾬ(LILW ) Ӈ ᾼ
Ȳṳ ắ ṩὍ ἤ ᾬ еҨ (BGE) ᾼ ₇ ạȲѿ ֥ ᾬ ắ (WAC)ȴ

֯ӭ› Ἦ WAC МȲ ứѿϯ ḖɎBrenneckeȲ2014 ):
1.Л֝ ᴶᶮᾭᾼ ᾬҔ ᾼῶ ạȴ
2. Ŭ ȳɓ ᾼῶ ᴆ╬ Ɏ100 bq/cm2ɏȴ
3. ᾬҔ вᾼ Є ϩЛҠ Ɏ1.2 barsɏȴ
4. LILW иⱢ6 (APGɏȸ(APG1) ‌ế ȳ(APG2) Ệ ȳ(APG3)   ȳ(APG4) ȳ

(APG5) ᾬȳ(APG6) ᾬȴ
5. ắỆ ứɎἨỆứɏὍ ἤ ᾬȴ
6. ᾬЛ ֯Ҕ в Ӣ Ἠ ȴ
7. ế ᾬЛ ắȴ
8.Л ắὔ цὔ ᾬȴ
9. щ ế о ҵȲ Ḋ ɎẂֽ 233Uȳ235Uȳ239Pu ɏᾼ ạⱢ 0.1 ӴѠᴏ

ᾬМᾼ Њὑ50 еᵌᾼ ạȴ
10. ᾬ ᾼ 5 m ế ⇔ẞ 800ïC Ȳ ᾬ Ӈ ’═

ᶙ ȴ
11. ᴩ ◕ế ᴩ∟ ◕ᾼׄԓиέȲ 3Hȳ14C Ἠ 129I ἤ♄ἤᾼ ạ╥

һ ᾬМᾼ Ὅ ẃứ ᾼȲ֯ ᾼד 40 ◕Ȳ Ὅ Л ᾬ ᾼ׀ 1%ȴ
ṳ ạ ᴩ ◕ Ὲ ֣е ȴ

12. ạ‍♄ἤצ ế Ḋ ɎẂֽBerylliumἨ ϮϜ ɏᾼ׀ Ɏᵛ ɏȲ ṷḊ
Ҡ ֮ᾼ Ѭ ֚כ ȴ

13. Ɫ ᾼḕ ᾬҔ Ԓ ҏ ứѝԈӨ ȴ

1. Konrad ᾼᵅὍ ἤ ᾬ ן

(VTT Technical Research Centre of Finland Ltd , 

Acceptance Criteria and requirements for the Konrad repository 2018 )



+HIC

ȶ ה ứ Ệ

Ɫ
Ҡ
Ὂ

Ṟ

ה
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Ṇ ᾿ (ЛӇѬᾇỆоɉ Ғ )

22

(ЛӇѬᾇỆо,Є ! )
Ҡᶙԓ ֥ ắ

Agitated Thin Film Dryer



ü Ҡ Ҡ ắᾼὍ ἤ ᾬᾬ ⱢὍ ἤ ᾬЁ ế ȴ

ü Ҡ ᾼ ԈⱢ Ҡ Ё ứ Ɫ (A)ҳ (4") Љ ▒ᾼḊ Ȳ
(B) ⇔ ASTM D- 698Ɏ ɏҠḆЄȴ

ü֝ ᾼ Ԉ ѱứ Ҕ╗ ᶰɎ ɏếѡ Ӣᾼ ᾬҔ╗
ᵀЛ ὑὍ ἤᴆ╬ᾼ ȳ ȳỵӰȳⱶ ȳ  ȳ ЁȳѤḊȳ

ȳ ȳᴆᾇȳᶠ ȳ ȳ ế ϢṮ ӣ₇ ֥ ѱѐЉ Ḗ
ᾼ (PPE)ȴ

ü Ẓ ᶮהᾼḊ П ᾼѻ ᵑ֯ὑһ ֯ Мᾼ Ѡהȴ
֥Ё ứ ᾼ Ҡ᾿ ὍϤ12 Љ сṳ֯Ѭиᵶ 3% ᾼ ᾓ

ϯ Ẕ ᴟ Ṿ ⇔ᾼ 90% ὑ Ṿ ⇔ᾼᴍиѩȴ
ѱ ֯ › ᴩ ҵ ậḟὑḊ ᾼЄЊȴ ѱ ѐЉЄЊ
иⱢẒЄ ȴ Ϛ ╥ ѱҔ╗Њὑ 10 ЉѹЛ ԉᴶѐЉ12
ѐȴҫҵϚ ⱢЛ ѐЉױ֥ ạᾼ ѱ Ɫ Єᶮ ѱȴ

(B. Rogers, K. Loveland Envirocare of Utah, Inc. ENVIROCARE OF UTAH: EXPANDING WASTE ACCEPTANCE
CRITERIA TO PROVIDE LOW-LEVEL AND MIXED WASTE DISPOSAL OPTIONS , 2003 )

2. רּ ҃ Envirocare ᵅὍ ἤ ᾬ ᾼὍ ἤ ᾬ ắ ⁄

…Ɫ֮ϱ аἤ , ֢ аᾼ DOE ế EPA ⱢVITRO Ѡה



Clive, Utah site ( ᵌא҃ ъ )
Ҡ רẃᴞּן ԉᴶ֮Ѡ ӢᾼЄ иᵅὍ ἤ ᾬȴ
֮╥ NRCếצ א҃ Ҡ ן C ᾬ ᾬȴ
ӭ›EnergySolutions еҨ Cן ᾬᾼ ӣ Ɫפּ

2,600 а/ ӴѠеѐȴ

֪ ( Maine Yankee Plantɏ
ᶰA ᾬ ᾬ ѿ ᶮה

Ɏֽ ӱ) ẞEnergySolutions ֯ ҃
ᵌא ъᾼ ╟֮ ѿӑҔ ᾼ
Ѡה ȴ

ᵅ ᴆ╬(class A )
∂ ᾬѬᾇ ᾬ ϤыῈҔ∟,Ҡ

҉
--- NRC ᵫ



. Ṽ
ɦᵅὍ ἤ ᾬ ᾬ ן ɧ( ) 
. Ӑ Ḗ
ἬצὍ ἤ ᾬП₇ ȳҔ ȳ ȳ ȳц Ӈן ╜Ἀ Ἤ ӁἨ ѻ
П ӣᾎ ȳ ⁄ȳц ᴩȴ

. ᾬ ן ⁄
1. Ὅ ἤ
1.1. ѩ♄⇔ ȸ Пѩ♄⇔ ṼɦᵅὍ ἤ ᾬ цẔ ╟ׄԓ ⁄ɧМП

ᾬи ׄԓ Ȳ Ɫ֢ ᾬП ן Ȳ ֥ Ȳ⁄ѿ ᵑП
Ɫѻȴ

1.2. ♄⇔ ( ᵿ ∟ ứ)
1.3. ПἬצ ᾬҔԈὑ ᾓϯȲẔῶ ҵ3еѐ П Є Ȳ Њὑḕ
Њ 10 ᴫӆȷ Џẓҵῶ П Є ȲЛ ЄὑḕЊ 2 ᴫӆȷ ҵῶ ϡеѐ

ȲЛ ЄὑḕЊ ʂȵϚ ᴫӆȴ
1.4. ᴟ ПҔԈẔῶ ‍Ệ ᴆ╬Ȳ֯ṙ҃ȳҒ цᵅ◖ἤ Ԅ Пᴁ╬

Л 4ṙᵌˍӂѠеиȲẔ҃ ᴆ╬ Л 0.4ṙᵌˍӂѠеиȴ
2. ứἤ
2.1. ᾬҔԈӇ ẓ ứἤȴ
2.2. ᾬᾬ ἤ
2.2.1. ᾬᶁлỆо∟Ȳ ֥ѿϯП ứȸ

A.ѬᾇἨ Ệо ᶼ ⇔Ȳ ЄὑḕӂѠеи15еџȷ▼ᾒỆо Пᶼ ⇔ѿ
Ϥ⇔ ȲẔ Ϥ⇔ ЊὑϚʂʂȴ

B. ╓ Єὑгȴ
C. Ѭἤוֹ ∟Ȳ ֥› A П ứȴ
D. וֹ ἤ ∟Ȳ ֥› A П ứȴ
E. וֹ ∟Ȳ ֥› A B П ứȴ
F. וֹ ἤ ∟Ȳ ֥› A П ứȴ

3.ү еҨᵅὍ ἤ ᾬ ᾬ ן ( ) ( ▲)

רּ Б ҵѠױ ứ !

Є Ьצ ᴿ ứ:
1.GB 16933- 1997 Ὅ ἤ ᾬῺ֮ῶ

ᾼ ᾬ ן
2.GB 14569ȵ1ʟ11ɑ ȳМѬ Ὅ ἤ ᾬ

Ệо ἤ Ḗ-- ѬᾇỆо



3. ᾬо цӢᾬ ἤ

3.1. ᴞӦѬП Л ᴍиП Хȴ

3.2. ֯ ϯЛ і Ⱨȴ

3.3. ᾬ ẓֹוѭἤȴ

3.4. ᾬЛ ᵶצ◖ἤȳ ἤц ╬ἤПᾬ ȴ
3.5. Л ᵶצἨ Ӣ֚ Ϣ Пצ◖ ȳ ц ȴ

3.6. ᶁлỆоП ᾬȲ ѻ ∟ȲỞ ᴩ П ȴן

3.7. ᾬ ᵶצӢᾬȳ ȳ ╬ ◖Ἠӣẃ ṷᾬ П (ֽᾃ ȳ ȳ
Ѫ )ȲӇ ┬Ṷ ᾬ П ḖҒѿ ȲṿẔ ֚֯ ᴟ ᵅ ⇔ȴ

3.8. ἤ ᾬ ›Ἤᵶצ ֥ П ⇔ 0.1˖(ѿ )Ȳ⁄Ӈ Ệо ȴ ὑ

ᵶ0.1צ˖ѿϱ ֥ (ѿ )П Ӈ ᵑ ὙȲѹӇ ᴷ ֥ П ᴍиѩȴ
֥ Пứ Ɫ (ֽEDTAȲDTPA)Ȳ (ֽ ȳ ц )ȴ

4.
4.1. Ὅ ἤ ᾬ ֣ Ө ∟ȲИ ṿӣȴ

4.2. ᵅὍ ἤ ᾬП Ȳ֯ ן ȲЛ ȳ ȳ ȳ Ȳ

ҵṳЛױ ҏ ϯԝ ᾓȸ
(A)в ᾬ☼ҷ

(B)ӦὑӢ ἨẔһ כ ҷẔᶙ ἤᾼо ᵂӣἬі П֕оȴ

4.3. ᾬ ᶙ ἤ ȲẔ ᶙ ἤ ᴟю ═Ϯᴍדѿϱȴ
4.4. ᾬ П ӱȲ ֥ ɦὍ ἤᾬ ׄԓ ⁄ɧП ứȴ



ҳ. ᶰ ╟ ἤ ế ᾬ ᵑ

1. Ϛ (BWR)ᾼ Ἢ ╟ ( ἪӴ )

2. Ϛ Ἢ ╟ ἤ ế ᾬ ᵑᴷ ӱ

3. ᶰ ᵂ ѻ Ḕ

4.ү ᶰ ӭ



1. Ϛ (BWR)ᾼ Ἢ ╟ ( ἪӴ )

28

Ḧ Ἢ

ч Ἢ

֥ Ἢ

RPV



2. Ϛ Ἢ ╟ ἤ ế ᾬ ᵑᴷ ӱ

ч Ἢ

Ḧ Ἢ

Ḧ

 

ч

їќ

Ӣᾬ⅜

Ḁ

C ᾬ

C/B ᾬ

B/A ᾬ

ᵅ Ὅ ἤ ᾬ ᾬ

Intermediate level waste 
(ILW)

Low level waste
(LLW)
Very low level waste 
(VLLW)

Very short lived waste 
(VSLW)

Ѭה( Ϯ )Ḧ Ἢ ᴆ╬
ᾐѬה( Ϛ/ϡ )Ḧ Ἢ ᴆ╬
ᵿ вҠ Ϸצ ᴆ╬
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3. ᶰ ᵂ ѻ Ḕ

ᵿ ἤ ▲

∂Џ

Ὂẫ

Ὂ

ᵿ

ᶰ ӢЄ ᾬᾬ

Ὂ ᵂ ᾼ

ׄ/Џׄ/ ׄ Ḗ+



ᶰᵂ Ḗ :
ȴ ╟ᾼ ᾭ ᴷ
ȴ ╟ᾼὍ ἤᾬṿ ᵿ ֥б ᵍ ạѬ

( 0.25msv/y), Ѧ Ҡ

ȴ Ὑ ╟ ᾬ ᾬ ṜҠᵍ ạ Ὅᾼ Ḗ

ᶰ ֒ Ḗӭ ╥ȸ

1). ᵂ ԓ ҉и ֥ ׄцЏׄ Ḗɉ--- Ṷ╝

2). ю Ὅ ἤ ᾬᾼ ҏɉ------ ᴾὊ ᾬ ᾼ< 6%

3). ṿὍ ἤ ᾬᾼ ҏц ----- ֥ ן Ԉ

4). Ὂ ∟ ᴆ╬  ȳ ц Ё ᾬ ɉ--- ԛᵓӣ

5). ṿЁ֮Ἠ ╟Ҡԛᵓӣ----------- ɉ( ᵶеԚᵓ ӣ )

4.ү ᶰ ӭ ɉ(2013.5. ᵫ)



Х. ү-רּ- ᶰὍ ἤ ᾬ Ӣ

1. Greifswald / Stade / Grafenrheinfeld ᶰὍ ἤ ᾬ
Ӣ ӭ

2. ᴫ Ѳh®²Ĩ>a ¡±¤± ɴ Ӣᾬ Ὠ

3. רּ Vermont Yankee ᶰ֢ Ὅ ἤ ᾬ Ӣ

4. רּ- ᶰὍ ἤ ᾬ ᴷ ế ѩ

5. רּ- ╟Ὂ ›ᾼ ᴆ ếὍ ἤ ᾬ

6. ү еҨ֢ ᶰ ᾬи (MT) ᴷ Ὠ

7. ү Ѧ › ᶰὍ ἤ ᾬ Ӣ ᴷ



ᶰ ╟Ὂ ᾬ ᵑ

ȶ>a ³¤¦®±¸I -‍ ạἤᾬ

ȶ>a ³¤¦®±¸>gg-Ҡ ᴆ╬ᾬ

ȶ>a ³¤¦®±¸>ggg-ắᴆ╬ᾬ

A ᵍ ạᾼҵ

B ạᾼҵ

CⱢ ᾬ

D ׀

ӭ Ɫ A ɇ C

E ֯ ╟вṿӣἨᵓӣ

F ᵂⱢὍ ἤ ᾬ

As radioactive waste

16000/565000  =3 %

Plant Greifswald site

18,00,000 Mg

1. Greifswald(VVER ᶰὍ ἤ ᾬ Ӣ ӭ

( Energiewerke Nord GmbH (EWN) June 2011 ,    Decomm Project Overview ) 



ᶔ › ֒∟Ȳѿ Stade (PWR) ᶰⱢẂȸ

ᶰ ӢП ᾬ ᾬ 15.5פּ: е Ȳ
ẔМ 15פּ е Ҡҵ Ȳ

0.5פּ е Ӈ ן) ~15 а/ )

(Ҡ ᵍ ạҵ ц֫ן > 96˖)



KKG Grafenrheinfeld (PWR) ᶰ ᾬ Ӣ



104,000 tons

95,300 t

Ϛ Ѭᾇ
ѱế+Ё

Ὂ ∟

ӣ
ếч в
Ԉᾬ

145 t

45 t 100 t

Ϛ ᾬ

4,700 t
Ὅ ἤ
ᾬ

4,000 t

◖ἤế
צ ᾬ

Њ

Ӵӣ
׀

(ISFSI)
ᵓӣן֫

El Cabril
disposal
centre

ᶰЏ Ӣ
ᾬ

36

2.ᴫ Ѳh®²Ĩ>a ¡±¤± (PWR) Ὂ ᵂ ᴩ Ὠ



Waste Class Waste Volume Mass 

(cubic feet)              (pounds) 

Low-Level Radioactive Waste

(near-surface disposal)             A 664,829                  43,733,487                   

B 1,002                        88,330

C 505                        71,287 

Greater than Class C 

(geologic repository)             GTCC 357                         65,690 

Total                                                               1 666,693                 43,958,794

רּ.3 Vermont Yankee ᶰ֢ Ὅ ἤ ᾬ Ӣ

ü 49 CFR æ173- 178 ᾼứ ȲЄֵ ᾬ Ɫᵶצ A ᵅѩ♄
⇔(LSA) Ἠῶ ᴆ╬ᾬ (SCO) ᾬ ȴ ╥Џ Ҕ ȴ

ü ạ ҏ∟ ⱢҠ ắẞᴆ╬ᾼ ᾬ Ἇӥ ᴫאᾼ
╟(ᴆ╬  )ȴ ṷḊ Є и֯ ∟

ứⱢ‍ Ὅ ἤᾬ ȴПҵ ᾼᴆ╬ ᾬ ẞ ȴ
ü ᾼ ᾬ ẞ Envirocar Utah ȴ

(Vermont Yankee Post Shutdown Decommissioning Activities , Prepared by TLG Services 12/2/2014 )



4. רּ- ᶰὍ ἤ ᾬ ᴷ ế ѩ

ῶМҠכҏȲּר ᶰ ӢᾼЄ иὍ ἤ ᾬ╥ᵅ♄⇔ᾼ A ȴ

╟Ὂ ›
ᴆ

−Є

(Richard McGrath , Richard Reid ,WASTE MANAGEMENT FOR DECOMMISSIONING OF NUCLEAR

POWER PLANTS: AN EPRI DECOMMISSIONING PROGRAM REPORT, April 8-10,2014)

∂ ᾬế
Ԓ ᴆ

∂ ᾬế
ҟᴆ

∂ ᾬҟᴆ
ҟᴆ



ϱῶМ ӱ ☺ ᶰ ӢᾼὍ ἤ ᾬ ᾬ ѩּר
ю−ֵȲẔѻ ֪ПϚ╥:

רּ¸ ᾼ ᶰ ᾬ ᵑМד ὑᵅѬӂᾼ ᾬ῏,Ẕᵶדצ
╥ ֥ ☺ᾼ ᵑȲṳҠᵂⱢ

ᾬ ȴ
רּ¸ БצҠ ן Є иᵅὍ ἤ ᾬ :צ

EnergySolutions / Envirocare - Clive, Utah site ,
Tennessee Licensed Landfills ,
US Ecology ᴩIdaho Facility ,
Andrews, Texas Site .

¸ ☺ᾼ ᾬ Ӑכ רּ ╥ѩד ᾼ ӣȲ
֯,ױ֪ ☺Лю ᾬ ԛ ᴆ ẞᵍ ạ

ѿ ֥ɶᵍ ạҵ ɶ Ḗȴ
¸ ☺ Ὂ ›ᾼ∂ ᾬế ᴆ Ɫ:

ϩԒᴩ ᴆ,ּר ḖЛ֝ȴ

5. רּ- ╟Ὂ ›ᾼ ᴆ ế
Ὅ ἤ ᾬ



6. ү Ѧ › ᶰὍ ἤ ᾬ Ӣ ᴷ

¸Ṽ ɪ Іч ╟ ạᾎɫ 23 ứ
῏ ὑ Іч ╟ ứӘϵ Ѧ П3ד›( : ╟ Ṇ

ế вЬᵶצ )֣ѻ ҏ ᶰӨ ȴ

¸Ṽ ɦ Іч ╟ ᶰ ҠӨ ц ᾎɧ 2 ȳ 3 П
ứ, ҏ Ϛ ᶰ ȴ ᶰ Ȳ ὙϯԝṶ ȸ

Ϛ ֥ ȳ ҭȳ ӢП ЄṶԈцẔ ȴ
ϡ ╟Ṇ ȳ ȳ Ԉ Ḋ ПὍ ἤ♄⇔ ▲ѠᾎцῴḔ ᴷ

Ὠȴ
Ϯ ᶰӭ ȳ ȳṿӣП ȳѠᾎцׄԓᵂ ᶧȴ
ҳ ᶰ Ь ПṆ ȳ ȳ ԈцẔ Ѡהȴ
Х ᶰ П ҵṶԈПׄԓиέȴ
г ᴆѠהц ᶰ Ὅ ἤ ᾬ ȳ ᾬ ȴ
ϝ ᶰὍ ἤ ᾬ ᾬП ᵑȳ ἤȳ ȳ ╟ц

Ẕ ȳ ׀ ȴ
ϥ ᴷц Ṯ ╟ ȴ
ϟ ϫ цϢ
ϫϚ І’Ṯᾬ цẔד П
ϫϡ ἪцЁ֮ԛᵓӣ ȴ ϫϮ ₇ ’ Ѡ ȴ
ϫҳ ’ׄ ╟ȴ ϫХ ҵṶԈ Ѡ ȴ
ϫг ᶾ ϩц ᵫȲṳ Ὑ ╟ ᶰ ẔἬ

ӢὍ ἤ ᾬ ᾬ Ἤ ẃ ц ȴ
ϫϝ Ẕ҃ ѻ еᵫПṶ ȴ

֯
ױ

╟

Ԉ

ϯ,

ῧ

ֽ
ױ
ї

ϩ
Ἤ
ἤ

∕



Ϛ ᶰ ῶ4- 10 A ᾐѬה( BWR) ч Ἢ
Ὠ

ЏᵂϢ ᵂ 5Њ
ׄԓ

50 ᴫӆ( mSv)

ч Ἢ

41



1 ᴫӆ( Sv) =
100 Ẋӭ( Rem)

Ѭה( PWR) ч Ἢ
Ὠ

ᴯ Rem/hr

Ϣ

Ὼ

42



¸ І ỗ ׄԓ ▲ ᵫ
ң Ϛ ᶰ ֥ ▲ Ȳ ֥ Њ ֢и
ṓȳׄԓ ▲ ᵫП ▲ ц е ṓȲḟ ֽϯȸ
Ɫ ’ Ϛ ᶰ ֽ ֽ ᶙכȲү еҨ Ṽ ᶰ ᴩ ᶮȲ
ҏ ᶰד⇔ ᴩ ᵫ ᶰ ӔᾪȲὑדװϡѣἉ›Ȳ ѻ

ȴ
ҳ ᵿ ╟П ἤ ▲ц ᴷ Ὠ( ▲ѻ )

Ϛ ӭ›Ь ὑ ᾭ Ȳ ◕ᾼ ᵿ ╟П ἤ ▲ц
ᴷ ὨȲ ᴩ и цậ иέȴү еҨἭ ὑӘϵ
∟Ȳ П ἤ ▲ᵂ Ȳὑᵂ 6 ѣ› ѻ

ȴ
ϟ ᶰὍ ἤ ᾬП ᵑȳ ἤȳ ȳ ╟цẔ ȳ ȳ

׀ ( ▲ѻ )
ү еҨ ᴕּר ᵫNUREG/CR- 0672ȳNUREG/CR- 6174Ȳѿц
ᴫ⅞еҨ(Westinghouse)П ᶰ Ȳ ᴩ Ϛ ᶰ ֢ Ὅ ἤ

ᾬ ᾬ П Ȳ ▲ ὨҠѿ ắȴ
ϫ ᴷц Ṯ ╟( ▲ѻ )
ү еҨἭ ὑὊ ᵂ ›Ȳ ᴩ ȲѿḆ ЏᵂϢ ᴷȴ

Ӑ ԝⱢ ạṶ ᴩ ȴ

: ᶰ ֯ 108.08.14 Іч ╟ ᶰ ▲ ⁄
107.11.16 Іч ╟ ᶰ ҠӨ ц ᾎ צ !



Ϛ ᶰ



ϡ ᶰ



Ϯ ᶰ



в֢ ᶰ ӢᵅὍ ἤ ᾬ֢ ᵶҠҵ )П Ὠ(Ṇ ᴆ∟)

ᾬ ᵑ Ϛ
( ᴯ:MT)

ϡ
( ᴯ:MT)

Ϯ
( ᴯ:Kg)

1. C   :7.20X10 4
Ё: 0

  : 0
Ё: 0

  : 0
Ё: 0

2. C   :4.35X10 5
Ё: 0

  :3.78X10 4

Ё: 0

  : 0

Ё: 0

3. B   :7.13X10 5
Ё: 0

  :3.27X10 4

Ё: 0

  : 0

Ё:1.0X10 6

4. A   :8.68X10 6
Ё:2.59X10 6

  :1.60X10 7

Ё:4.32X10 6

  :6.99X10 6

Ё:2.83X10 6

5.Ὅ ἤ ᾬ   :8.79X10 6
Ё:2.59X10 6

  :1.63X10 7
Ё:4.32X10 6

  :6.99X10 6
Ё:3.85X10 6

6. Ҡҵ
(Њὑ 100 Bq/Kg)

  :5.91X10 7
Ё:2.34X10 8

  :1.46X10 7

Ё:6.95X10 8

  :4.47X10 8

Ё: 0

Ὅ ἤ ᾬ ᴾ
Ὂ ᾬ ᾼ

(%)

  : 14 %
Ё: 1 %

  : 52 %
Ё: 0.6 %

  : 0.2 %
Ё: 100 %

Ϛ ᶰӭ ḖПϚ
ю Ὅ ἤ ᾬᾼ ҏɉ------ ᴾὊ ᾬ ᾼ < 6%



ü ᶰ Ở›Ϯדᾼ ￼ ▲ᴖ ᾼ ᴆȳ ᾬ
Бҷ ȴ

ü ӣ ⅍в ҠӣɎ ᴷ ʟ 117/12 ӣȲ
ϡ 118/12 ɏȲ⁄ Ѧ БῺ10 דПϵȲ

Ẕ ȳᴆ╬⇔ Є ᵅȲ֪ױԓ ᾼ ⇔ȳ
ᾬ ừ ʟḔ ᴷ !!



г. ϱ ᶰᵅὍ ἤ ᾬ Ḗếᶾ έ

1. א ֥ᵂ / ( OECD/NEA) ᶰ
ᵅὍ ἤ ᾬ

2.ѷꜜ֢ ὑ ᵅ ᴆ╬  ạԛᵓӣᾼᵍ ạ ứ

3. ᶰ ᾬ(ᴆ╬  ) ᶾ Ѡ

1). ᴆ╬  +- ᴆ ᶾ

2) . ᴆ╬  +-о ᴆ ᶾ

3) . ᴆ╬  + ᴆ ᶾ

4). ᶰ ᾬ(ᴆ╬  ) ᶾ ╓⁮



г. вҵ ᶰᵅὍ ἤ ᾬ ( )

ü ᾬ Ȳᵛ Ἤ Ӣ ᾬᾼᵂ ῏ế☼ Ȳ╥ ᶰ ᾼ
ȴһ ứ Ὂ ᾬ ẞ ᾼ ᾬ ᾼ ȴ ᶰМ ᾬ

ᵂ ᾼ ậḟὑ ֪ Ȳ ᵑ╥ȸ
ȶ>Ҕ╗ ֯вᾼ ᾬ Ӑȴכ Ҕ╗ ӐȲẂֽכ ᶰ

ᾼ ѿц ╟ế ᾼ᷾ ȴ
ȶ> ȳ ếе ᾼ ȴ
ȶ>Ὅ ἤ ᾬ ế ᾼ ȲҔ╗ ᾼҠӣἤȴ
ȶ>צ  ᾼҵ ᾬ ╟ȴ
ҵȲױ ᴕ Ҡ ю ᵂⱢὍ ἤ ᾬ ᾼ ᾼ Ɏֽҟᴆế

ɏȴ
ü ᾬ ἤȳᾬ☼╚ ѿц ếᵓ ד ῏ᾼ Ḗ, ֵ ᾬ

ᴕ ȴ ὑ ứᾼ ᾬ Ҡ ἨӘϵЛҠӣȲ∂ ֯ Ҡᴩ
ᾼ ᾓϯȲ Ɫḕ ᾬᴟю ὍצẒ ȴ ᾬ о
ὑ ю ᾼ ᾬ ȴ ᾬ ȳװ ȳ ῶȳ иέếҠӣ
ᵗὑצ ứ ᾼ ᾬ ᴕ ȴ ᾛᾼ ᾬ ֯ вҠӣ
ếṿӣȴ ὑ█ṷ ế֮ Ȳ Ҡ ὑ ȲἨ῏ ὑ
█ṷ ᾬ ᵑȲꜙᴟ╥Ϛ ȴ Ԓ ѿ Ҡ ᵅᾼ Ӑכ
ᾭ ᾼ צ Ȳ֝ ᴕ ế  ế∟ὨɎҔ╗ ɏ



1. א ֥ᵂ / ( OECD/NEA)
ᶰᵅὍ ἤ ᾬ

¸ ᶰ Џᵂв −Є ⇔ϱ╥ ᾬ ᵂ ᾼ ȴ
ᶰ ᾼḕϚ ѻ Ḕ цἨ ᴕ ᾬ Ѡ ȴ ᾬ

ᶰᵂ צ ᾼ Ȳ֯ ֵ ᾓϯ ế ᶰכӐ
Ӣ−Єᾼ ȴ

¸֯ ᾬ ϱȲӇ ứế ’ ֯ Ḗᾼ ᾭ Ȳ҉и ῴ
Ở ԈȲṳ֯ױ ϱ ᾬ ȴ
ᵛ҉и ᾬ Ḗ Ȳֽ ╟Ὂ ȳ ᴆế ᾬ

Ȳ ֥ ( ) ╥ ғ֪כ ȴ
¸֝ , ᵂҏᾼ ḟứϷҔᵶȸ
ȶ צ╠ ᾬ ᾼғ ⇔,ц Ҡ ṿӣ;
ȶ> ᾬ Мїᾼ ᵓӣ ╟Ḃ∂(ֽᵓӣḦ Ἢ Ὂ

∟ Ἤ) ;
ȶ>ἭҔ ᾬ ᵂ Ἠ∂Ӵᴞᶺ ᴩ ȴ
Ὂ̧ ᾬᾬ☼ , ᵍ֪Ὂ ᾬᴖ ᶰᵂ
Мҏ Ȳ֪֯ ᾬ ᵂ Ҡ Ὂ ♄ ᾼ Ȳ ᴖ
ᶋ ϠὊ Џᵂᾼ ⇔ȴ ᾬᾬ☼ ἘМᾼ Ӑḟứ ѿϯѠ

᾿ ד ȸ
ȶ ᾬ Ὂ ♄ ;
ȶ ’Ṝ ᾼ׀ ȲҔ╗ ׀ ếῈ ;
ȶⱢ ᾼ ᾬạứ₇ Ɏ ֥ ▐ế ׀ ᾼ ᾬ ן

ɏ;
ȶὍ ἤ ᾬ ᾎ Ḗ;
ȶ ᾬ ╟ᾼᴯ Ɏ֯ צ ╟вἨ ╟вȲ ‍

ᴟ  ᾼ ╟ἨМїȳ ѠᾎȲѿ о ╟ᾼᴯ ế ϩɏȴ
51
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ѩ♄⇔ ạ Additional information

(Bq/g)

0.10 Germany Specific activity limit regardless of type of emission

Applied to scrap metal originating from nuclear installations

1.00                         Ϛ ╟М  ᾼҵ ԛᵓӣ ạ
0.10ï2.00                                       Specific activity limit for betaïgamma emitters

0.10                Slovakia                 Specific activity limit for betaïgamma emitters

0.10                Sweden Specific activity limit regardless of type of emission

Over and above the natural activity that occurs in

similar materials outside the nuclear installation (primarily

used for limiting the activity in materials that, having been

melted down, can be reused in new products)

Applied to radioactive substances originating from

application in nuclear energy production

5.00                                                 Specific activity limit for betaïgamma emitters (artificial

activity)

0.40                   UK Specific activity limit regardless of type of emission

Total activity for solids, other than closed sources, that are

substantially insoluble in water

1.00                  Belgium                Specific activity limit for betaïgamma emitters

1.00                  Italy Specific activity limit for betaïgamma emitters
ééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééé.

ứ USA ӑạứἨ᷅ ԉᴶ ạ ứ

2. ѷꜜ֢ ὑ ᵅ ᴆ╬  ạԛᵓӣᾼᵍ ạ ứ
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ῶ ᴆ╬ Additional information
(Bq/cm2)

0.37 Germany Averaged over 100 cm2 for fixed and removable
contamination and for each single item

Applied to scrap metal originating from nuclear installations
0.50                                                        Applied to scrap metal and concrete originating from

nuclear installations
0.37                     Slovakia         Case by case decision on materials from decommissioning,

100% direct surface measurements
0.40                     Finland             Removable surface contamination over 0.1 m2 for

accessible surfaces Applied to radioactive substances 
originating from application in nuclear energy production

0.40                     Belgium         Mean value for removable surface contamination over
300 cm2, for betaïgamma emitters and alpha emitters with

low radiotoxicity
0.83 USA ￼ ѿϱῶ ᴆ╬Л 1 ӂѠᴏȲֽὨᴆ╬ Л

100 ӂѠᴏȲ⁄￼ ϱѠ Єᴆ╬Ɫ 2.5 Bq/cm2

1.00                      Italy Case by case decision for a limited amount of material from
decommissioning

1.00                      Canada       Averaged over 100 cm2 for total contamination, 100% survey
of all surfaces

3.70                      France Materials from decommissioning, 100% direct surface
measurements

4.00                      Sweden Mean value for removable surface contamination over 100 m2,
with a maximum of 40 Bq/cm2 if the contaminated area does

not exceed 10 cm2

ѷꜜ֢ ὑῶ ᵅ ᴆ╬  ạԛᵓӣᾼ ӣᾼΗ-ᴺ ᵍ ạ
ứ
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3. ᶰ ᾬ(ᴆ╬  ) ᶾ Ѡ

1) . ѠᾎϚ ᴆ╬  +- ᴆ ᶾ

2) . Ѡᾎϡ ᴆ╬  +-о ᴆ ᶾ

3). ѠᾎϮ ᴆ╬  + ᴆ ᶾ

4). ᶰ ᾬ(ᴆ╬  ) ᶾ ╓⁮

4. ᴆ╬ Ё ᴆᶾ



ᶾ ᾼ ⇔ếכӐҵȲ ᶰ ӢᾼḊ ế
ᾬᾼ ᶾ ᾼ ὑѿϯ֪ ȸ

1. Ӣᾼ ᾬᶮה Ҡ ṜἬ Ἤᾼ ᾬ
ắ ȴ

2. Ἤ ᵂ ☼ Ṝ ♄Ȳѿ Л֝ ᾼ Ϥ ᾬ
цẔ ứ ӭ Ɏ֫ןếԛᵓӣȳҔ ȳ и ɏȴ

3. Ἤ ᾼᵂ ᶾ ᶧ ϤᾼὍ ἤ ᾬ
ᾼ ἤ ᴩ ȴ

4. ứᾼЏ Ὅ ἤ ᾬᾼ ᴟ ᵅȴ

ᶰ ᾬ (ᴆ╬  ) ᴆ ᶾ ᾼ

(World Nuclear Association 2019, Methodology to Manage Material and Waste from Nuclear Decommissioning )

3. ᶰ ᾬ(ᴆ╬  ) ᶾ Ѡ ( )



ᶰὊ  

ᴆ╬  NoYes
Ὂ

Ἠ
ᴆ╬῏

NoYes

ҵ

ᵡ

Yes

ḀѦᴆ╬

Buffer Storage

ᴆ ᵡ
? Yes

No

ἤ ᴷ
ȳᾬ Ἠо
ᴆѠᾎ

ѬᾇỆứо
( )

Containerand

Characterization
Monitoring

⧵׀ ⧵׀
ԛᵓӣἨҵן֫

No

ᴆ╬  ᴆ Ѡᾎ☼

Å צ



Area Technology Remarks
Sorting

Mono-material sorting Sorting criteria:
Steel types
Combustible, non-combustible
Activated, non-activated

Post-segmentation Targets of post-segmentation:
Removal of hazardous materials
Separation of plastic from metals
Disassembly of control cabinets, valve , etc.

Segmentation / Mechanical processes Sawing
Decontamination Milling

Grinding
Mechanical cutting
High-pressure water cutting
Abrasive blasting

Thermal processes Autogenous cutting
Plasma cutting

Chemical Processes Electrochemical decontamination
Ultrasonic polishing (normally in combination 

with electrochemical decontamination)
Volume Reduction

Compaction In-drum compaction (100-500 kN)
Low pressure compaction (500-5000 kN)

High force compaction (> 5000 kN) typically 20,000 kN
Metal melting Stationary systems 

Conditioning
Solidification Embedding in cement matrix

Embedding in epoxy resin matrix
Grouting of bulk material

Packaging For interim storage (drums, boxes)
Waste package for final disposal (steel container,

concrete container, high integrity container, etc.)

ᶰ ᾬ(ᴆ╬  ) ᴆ ᶾ



58

  ᴆѠᾎ ᾼ ֪

What are 
they? 

╥ оᾬᾼ ֥ᾬȲֽAl2O3ȳCaOἨ
Si02ȴ Ệ∟Ȳ ╥Ệ כ֥ ᾬȴ

What do they 
do? 

  ФᵂӣȲד и   вὍ
ἤᾬ Ȳ Ὅ ἤ ֥Ϥ Ệ ᾼ ứ
Мȴ

How do they 
do it? 

ֵᴆ╬  ᾼὍ ἤ ╥ ứᾼ оᾬȴ
Ϥ , Ҡᶮכ ứᾼ оᾬȲ ∟

и ẞ Мȴ

What does 
their 
efficiency 
depend on?

Мо ч ᾼ ⇔ậḟὑ ế ⇔Ȳ
ᵀẔ֪҃ Ϸ− ȴ Ҡѿо оȲѿ

ứᾼὍ ἤ ȴ

Joanna M. Buckentin , Brian K. Darnkroger , M. Eric Schlienger ,
Radioactive Scrap Metal Decontamination Technology Assessment Report , April 1996

1) . ѠᾎϚ ᴆ╬  +- ᴆ ᶾ



ѷꜜϱБ ṿӣצ ᶾ ắᴆ╬ᾼ  Џ ȲҔ╗ȸ

¸ CARLA Plant, Siempelkamp, Germany 
¸ STUDSVIKMelting Facility, Sweden
¸ Waste Volume Reduction Facility( WVRF),Japan 
¸ Energy Solutions Melting Facility, USA 
¸ INFANTE Plant, Marcoule , France 
¸ Science Ecology Group (SEG) Plant, Oak Ridge, USA 
¸ Capenhurst Melting Facility, United Kingdom 
¸ Manufacturing Science Corporation (MSC),  USA 

Ἤצ ᶁ֯ׄԓ ạ вᵂ ȲҔ╗ Ṇ ế’ ᾬ Ϣ
ȴ

ᾼ ╥һ ҙד30צ ᾼCs- 137ẓ ɷ ᴆế ɶ
Ȳ֪Ẕ֯ ȴᴖ֯ М ᾼ Ɏ ὑЄֵ Ὅ

ἤ ᾬ ɏᴾѻ ֮ᴯᾼ╥Co- 60ȴ ֝ᴯ ᾼҙ Ҭד5.3צȴẔ҃

ᾼ ᾼҙ ꜙᴟḆ ȴ֪ױȲ֯Ҡ ṓᾼ Ȳ♄ἤ ד⇔ ᵅᾼ
Ҡѿᵍ ạἨҵ ԛᵓӣȴ

Мן ᾼ ếᴊ ᶁ ⱢὍ ἤ ᾬ ȴ

( S. Coors / R. Pau ,lSlempelkamp ,NIS Ingenieurgesellschaft mbH , NPP , Krsko Decommissioning
Program , 05. 06. 2019 )

вҵᴆ╬  ╟ᶾ ֫
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ᶾ (Technical Data):
-- Melting unitð3.2 to MF induction-funace
-- Equipment with a 3-step filter unit in 2 line
-- Mechanical and thermal cutting facilities 

available
-- Pre-decontamination by blasting
-- Melting and pouring to 1 ton metal block or to

granules
-- Storage of metal blocks for decay
-- Release of metal for recycling or waste for 

disposal

Charging the funance

Pouring liquid iron to granules 

Ingots storage for recycling

ắᾬ
(Acceptance Limities):

--Specific total activity 

<1,000Bq/g

--For the nuclides H-3, C-14,

Feð55, Ni-63,< 10,000Bq/g

in total
60



Material Weight, Measured nuclide content, %  of total activity 
Category tonne
éééééééééééééééééééééééééééééééééééééééééééééééééééééé..

CS and SS** 27 749 Co-60 Mn-54 Sb-125 Zn-65 Ag-110m Ru-106 Uranium Other Others 

alpha 

96% 1.1% 0.7% 0.5% 0.3% 0.3% 0.2% 0.1% 0.4% 

Aluminium* 772 Co-60 Zn-65 Uranium Mn-54 Cs-137 Cr-51 Na-22 Sb-125 Others 

62% 11% 6.4% 5.6% 4.6%  4.2% 1.4% 1.1% 2.8% 

ééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééééé..

Lead* 395 Sr-90 Ag-110m Cs-137 Co-60 Ag-108m Am-241 Pu-239 Sb-125

Others

52% 17% 5.8% 5.5% 5.0% 3.9% % 1.3% 6.3% 

Samples from all ingots are measured with gamma spectrometry, and 

most of the ingots (by alpha spectrometry. depending on the origin) are

also analyzed 

Studsvik ὑЛ֝Ḋ ᾼ ᵶ Ὠ.
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ѷꜜϱ ὑᴆ╬  ᾼ ᴆ ѻ ứ
Ɏ ᴯ:Bq/g ɏ

Country 3H 14C 63Ni 60Co 137Cs 90Sr 235U 241Am 239Pu 
Belgium 100 0.1 1 1 1 0.1 0.1

Finland 10 10 10 1 1 1 0.1 0.1 0.1

Germany 1000 80 300 0.1 0.5 1 0.5 0.05 0.1

Japan 100 1 100 0.1 0.1 1 ð 10 0.1

Netherlands 106 104 105 1 10 100 10 1 1 

Spain 100 10 100 0.1 1 1 1 0.1 0.1

Sweden ( 0.5 Bq/g for beta/gamma emitters) 0.1 Bq/g for Ŭ-emitters)

For ingots:1000 100 10 000 1 1 10 1 1 1 

UK 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4.

USA (ӑ ) 

ү 100 1 100 0.1 0.1 1 1 0.1 0.1

I AEA PROCEEDGS SERIES, CONTROL AND MANAGEMENT OF RADIOACTIVE 

MATERIAL INADVERTENTLY INCORPORATED INTO SCRAP METAL, FEB. 2009

:1. ṅἬשׁ ѩ♄⇔ԓ ֥ 0.1 Bq/g ȷ֢  
иέ -Csצ 137

2.ḕדҵ Ϛе П ᾬѩ♄⇔ (ṙᵌ/ᵌ)



ṅἬᴞᴩשׁ ∂Ϛ 1,000еџПᴆ╬  ᾬ ӣ Ȳᶙ
כ Ϛ   700 Ȳ ∟П ӂᶁּפⱢOΡqµM§±Ȳ
ן֫ Єὑ90%ɎḊ ᶁлȲҠ֯ ╟вԛᵓӣɏȲ Њὑ10%ȴ
ṏֻᾼֹוѭ (Ị ) ҠἋ  ỄȲ юϡװᴆ╬ ᾬᾼ ҏȷ

ᾼ Ṇ ᴆ╬Ṯᾙ ạᵂⱢȲѿṮѦᴆ╬ᾬ ᾼ ҏȷ
҉иᾼᶾ ṏֻ ֫

ṅἬὍשׁ ἤᴆ╬  ᴆ ╟

¸ Co- 60ᴆ╬ , Ғ о Ҡ Ẕ ᾬᴟדϮכ М, и ,
ИḆצ ᴆ , ӑ ױ Ԉȴ

¸ ҫ Ԍᴆ╬  ᾬῶ ᵶצᾒ ,ҫҵ › ȴ
¸ , ֪Ị ᵐ זּ Ӣ Ⱨ ҵṶ╝ȴ

в ṅἬשׁ ╟ᶾ ᾓ

63: 1. שׁ / / ῏Б ԅ 2. ᴆ (DF) Ὠ ∕



Turbine deck-eL.60m

PHADECArea
-- ᴆ

Ѭϧɉ ᴆ
---

64

ᴆ

ᴆ + ᴆ

ᴆ╬ᾬ

ЛҠҵ
ᾬ

ᴕ: BILFINGER NOELL GMBH

REF.: NPP Caorso, Italy

2) . Ѡᾎϡ ᴆ╬  +-о ᴆ ᶾ



MECHANICAL DECONTAMINATION
UNITSðby brushing and 

grinding until their contamination is 
below the limits for free release

PHADECÊprocess (Phosphoric Acid 
Decontamination) has been especially 
for the decontamination of steel scrap.
Scrap treated will be free released and 
conventionally recycled .

The sorting stations can be equipped 
with the shredding of material as well as 
the in-drum compaction.
Super-Compactors have a capacity up
to 20,000 kN for the volume reduction of

solid waste

65

ᴕ :
NPP Gundremmingen, Germany
NPP Grafenrheinfeld, Germany
NPP Beznau, Switzerland
Ignalina, Lithuania
NPP Caorso, Italy

PHADEC TREATMENT MAIN RESULTS

о ( ) ᴆ ∟Ȳ ὨῶὙȲ֯
М ᾚ 20 ᴟ 60 и Ɏậḟὑ ᾼ

ԈɏṜѿ ẞ Ȳ ֥ Єᵓế
⁄Ȳצ ҟᴆ
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ү ҏ ᵫȸ Єᵓ Ғ ᶰׁש
ԏ /ү ϩеҨ / Ϛ /Ϛ ч ѻԉ

Ὥ /ү ϩеҨ / ∟ / ᶰ  
/ ү ϩеҨ / ∟ / ᶰᶾ

ҏ ȸ 105.11 .05 ~ 11 .18
֮ :
Єᵓ SOGIN(q®¢¨¤³ğGestione Impianti Nucleari , SOGIN)еҨП

ᾬ ( RadwasteManagement School, RMS)Ɫắ ֮ Ȳв ᵶ╗ ᶰ
ᶾ ȳ ἤ ▲ȳὊ ᶾ ȳ ᾬ ᾬ 6щ Ȳ
ᴞ ᶰ ᴟ ᶰᵂ ♄ ᶁדצ ᶙ ц П ӣ ẂȲ,ҫ3צ

щׄ ›Ἇ ᶰМПCaorso Пᵂ ᴩ SOGINеҨ╥ Єᵓ֯1999
ӴᾼὍכד ἤ ᾬ ᾬ ȳ І ╟ ᶰᾼ еҨ

ὢ ȸᴩ╜ І ỗ Ὅ ἤᾬ ᶝ
ở֤ ȸ ѝ◙ ԉᶾӔ( ԉ ᶝ )ȳ ᶳ ᶾЂ
♆ ȸ Єᵓ
ҏ ȸ10511דѣ5ѡᴟ11ѣ18ѡ
֮ : ֝ϱ

ᾬ ᾬ
1. Radioactive waste managementȸTreatment/conditioning process of the radioactive waste 
2. The Waste Management Facility ȸDesign, optimization, equipment, operation 
3. Waste minimization techniques 4. Storage and Disposal of RW 
5. Waste Acceptance Criteria for the disposal of radioactive waste 
6. NPP radiological characterization 7. Waste Characterization 
8. Characterization of material for clearance: Final site survey for site release 

›



 ╬ṅἬᴆשׁ о ( ) ᴆᶾ ế

The decontamination facility establishment for metal scraps at INER

: 1. שׁ / / ῏Б ԅ 2. ᴆ (DF) Ὠ ∕ 67



ᴆ╬  Ԉᾬ ᾬ ᴆ ☼

ᴆ∟ Ϥ
в Ӧ

ҏ

ԛ Ѭ♃Ἠ
о / о ᴆ

֞ в ϱ▐∟

ᾬ Ϥ
+ ᴆ

ᴆ╬ ∟ҵ Ἠԛ֫
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3) . ѠᾎϮ   + ᴆ ᶾ



+ ᴆҠѿ ╥о ҟᴆᾼ ҅Ἠ ҉ȴ о ҟᴆדѩȲ + ᴆẓצϚứ
ᾼ ȴ

ẔМᾼ ╥ȸ
+ ᴆ Ѿ ӣὑἬצῶ ȴ ϱȲҟ ῶ ᵺ Ȳᾬ ҟᴆ ЛᵓȴẂֽȲ ҟ

Ӱ Ἠ ῶ ד ὔȲᵀҟ ῶ ḆҒᵺ ếὗ ȴ

ȶ + ᴆ Ҡѿ ẞѩо ҟᴆḆ ᾼҟᴆ… Ȳ ╥֪Ɫһ ᶙԓҟ
ᴆ╬ᾼῶ ȴ

Å ῶ Л╥ᾬ ҟᴆᶾ ᾼ Ȳ֪Ɫ ῶ ȴ
ȶ ᾬ ὑ Ȳ֪Ɫҟ ᾼῶ Ḋ Ҡѿ᾿ ן ṳ ᴟ ᾬ ᾬ ȲᴖЛ І

ӻ ϡװ

+ ᴆᾼ Ҕ╗ȸ
Å + ᴆᶾ Ȳ ẔӐ ᴖṕȲЛᵶὍ ἤ Ἠо ᾬ ἤȴ
Å + ᴆᾬ ҟᴆᶾ Ȳ ẔӐ ᴖṕȲ ᾼῶ ẓצ ἤȲ֪ױ ϶Л ӣὑ

ṿӣᾼ ╟Ἠ Ȳ ϶ ᴩ∟ ᾼῶ ᵂȴ
ȶӦὑ + ᴆ ῶ ᾼᾬ ẃ ᵂӣȲ֪ױ ᾼῈ Ὅ╥Ϛ ᵂ Ȳ

Ӈ ᶾ Ἠ ᵗ ╟᾿ ḟȴ
ȶ ῶ цẔ ᾼ ᴶᶮᾭҠ ╥ ᴆᶾ ӣМᾼϚ ȴᵛṿῶ ᴆ╬Ҡѿ

ᾬ ҟᴆѠᾎȲ ῶ ɎẂֽȲ ᴖ ᾼ в ɏἨ ᾼ ᴶᶮᾭɎẂֽȲẓצ ế
ᾼ Ԉɏ Ȳ ᶾ ᾼ ӣҠ ắẞЛᵓ ȴ

ȶ + ᴆᶾ ἏἏḆɶ ϩ ⱢɷȲ ḖЏϢ֯ắᴆ╬ῶ  Ὼ ᵂЏẓȲ֪ױӦὑ Ȳ
ױ֪ ḆҒ ֮ ᾃׄԓế ȴ

ȶ ϡװ ᾬ Єὑо ҟᴆȲяẔ╥֯ ⇔ҟ ῶ Ἠ цЄ Ғ Ɏֽ Ю ɏ ȴ
ȶ ṿӣ + ᴆᶾ Ḇ ὔ ᴩῶ ȲᵀӇ ᴩҟᴆᾼ᾿ ȲֽὨ +

ᴆᶾ ӂỌȳ   ᾼῶ ȲҔ╗ ᾬἨ  ᾬȲẂֽ Ἠ ȴ



Sandblasting Turntable and Track System

Decontamination ӏ

ᶾ ṿӣ ֯Ю Мᾼׁש Ḋ Ȳ Ю ᷾ ẞ ᾼῶ ϱȲҠѿ
ᶁл֮ҟ ῶ ᴆ╬ȴ Ὲ Ἠ ӣὑ ȴ ҟ ᾼῶ Ḋ
ế ן ẃṳὍϤ ᾼ М ᴩ ế/Ἠ ȴ

ᾼԛ Ҡѿ Є ⇔֮ юϡװ ᾬȴ +ѻ Ṇ ▐ ӱֽϯ ȴ

Blasting chambers

This Code of Practice on how to 

manage the risks associated with 

abrasive blasting is an approved code 

of practice under section 274 of the 

Work Health and Safety (WHS) Act.

https://www.safeworkaustralia.gov.au/doc/model-work-health-and-safety-act


4). ᶰ ᾬ(ᴆ╬  ) ᶾ ╓⁮
Ӑ╓⁮╥ּר USEPA ạứȲ֯סҠӣὑ Ὑ ᶰ ᾬ(ᴆ╬  ) ᶾ

ᾼᶙ :

ȶ ╟ ϩế ,Ю Ҡ ẁ ӭ ếḕѡᵂ ,
Å ᶾ ȲẔМ Ю Ϡᶾ Ȳᵀṳ‍ ,
ȶ>ӭ ᴆ╬ᾬȲֽὨ֥ Ȳ ẓ ᾼὍ ἤ Ἠᴆ╬ᾬ ѻ Ȳ
ȶ> ӣᾼЮ ếῶ ἤȲẔМᾼἤ ɎẂֽэ Ἠо ἤɏ ϠἭ ᴆ╬ᾼ

ῶ ᾼ ᴶᶮᾭȴ
ȶ> ᾬ☼ếϡװ ᾬ ȲẔМ ὑῴ ếװ ᾬ ᾬᾼ‒ ȳ ᾬ

ȳ Ḗếԉᴶ‍ẕ₤ ᾬ ȳ ȲἨ ẁẔ҃ ȴ ᾃ
ᾼ╥Ȳ█ṷᾬ₇ȲẂֽṿӣ ᾼ ϢṮ Ȳ╥ ѾἬצᶾ ᾼ ṓ ᾬа Ȳ
ỮӑҔᵶ֯ḕ иМȲ ‍ẁ ᵑ╓ҏϠ ȴ

ȶ> ᵂ ἤȲẔМצ ЏϢᴕ ᾼ‒ ɎẂֽȲԉᴶ‍ẕ₤Ἠ Ἤ ᾼЏϢᶾ Ἠ
Ȳԉᴶ‍ẕ₤ᾼЏϢׄԓ ḖɏȲԉᴶӇ ᾼῶ ȳ ― ἤἨ

ἤȳ ȳғ Ḗȳׄ ḖȲ ѻ Ϛ ӣᾼẔ҃ ҉ᶾ ȳ
Ἠ Ҡ ḖȲἨԉᴶẔ҃ ᵂ Ἠ ҏϠ ȴ

ȶ>ἤ ȲẔМ ᾼἤ ‒ ɎҠ ἤׁשṅἨẔ҃Ὅ ἤҟᴆ ӭɏȷ ἤ ╓
ɎẂֽȲ ȳҟᴆ֪ ȳҟ ȳᴆ╬ ⇔Ἠῶ ҟ ȳἬ ᵂϢ
ȳ ᾬỂ ᾼ ϩȲṿӣ∟ὔὑᶾ ҟᴆɏȷ ᾼ ȷ ѿ

цԉᴶẔ҃ᶾ ạἨ ҏӑẃ ᾼ Ḗȴ
ȶ> Ӑế צӐȲẔМכ ȳ ȳ Ӑȳכ ᾼ‒ ӭȳ

ᶾ ᾼѩ ѿц ᾬ ȴ
ȶ> ӣӐᶾ ᴕ Ȳ ẁ ᴕ ᾼ ‒ ȴ
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֯ ἪвᾼЛ֮֝Ѡ, ᴆ╬ᾼ Ёῶ ȴẔ ֢
ᴆᶾ ȴ ѻ Ҕ╗Ẓ ᵑ: 1). ҟ Ёῶ ᾼᶾ ;2).

Є Ёᾼᶾ ,Ẃֽ֯ᴆ╬ ד ᾼ ᾓϯ,Ӈ ȴ
῀,Б֢צ ֢ ᾼῶ ЁὊ ᶾ , ד ⇔ᾼכғȴ֯

█ṷ ᾓϯ, ṷᶾ ᴩϠ ,ѿ ẁ ֥Є ᾼᶶ ᶾ
ế ӣὑ Њ ȳ ᾼᶾ ȴ

ѻ ᾼῶ ЁὊ ᴆᶾ Ɫ:

1). њ ᵂᶾ (Manual Techniques )
2). Ѭ ♃(High Pressure Water Washing )
3). Ạὰ (Scabbling)
4). ₤ ϧ(Needle Scaling)
5). ֮ὰ‴‹ϧ(Concrete Shaving )

ᵓӣצҵ,Ϸױ ᴆ╬ Ёῶ ếᴃ ᴆ

4.ᴆ╬ Ё ᴆᶾ



Ёῶ ᴆᶾ ẓ

Å Ёῶ ᴆ
ω {ŎŀōōƭƛƴƎω {ƘŀǾƛƴƎω aƛƭƭƛƴƎω /ǳǘǘƛƴƎκǎŀǿƛƴƎ
ω DǊƛƴŘƛƴƎω {ŀƴŘ ōƭŀǎǘƛƴƎ κ ό²Ŝǘ ŀōǊŀǎƛǾŜǎύ

Å Ё∂ ᾬὊ
ω WŀŎƪƘŀƳƳŜǊω 5ǊƛƭƭκǎǇŀƭƭƛƴƎω 9ȄǇƭƻǎƛǾŜǎ

Å{ƻƳŜ άLƴƴƻǾŀǘƛǾŜέ ǘŜŎƘƴƛǉǳŜǎ

scabblers floor shaver
Milling cutter
Allows single pass for
thick (several cm) layer
removal

grinding



ᵕ‹ ( Floor Shaver)

Floor Shaver(ᵕ‹ )

mounted on Brokk 250 for ҟᴆ

ᵕ‹∟ ֮ῶ
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רּ֯ ∂ ᾬὊ Ёᵅ ᴆ╬
ᾼᴕ ֪ -- EPRI

-- class A ᾬᵅ ן Ӑ(Ϛכ <40 NT$ /Kg)

-- Ὅ ạ(DCGL- derived concentration guideline

leveled): ֯█ṷ ᾓϯ−

-- ᾭᾓ ▲ɇ ế 

-- ᵿ ᶶ ạ: Ὅ ἤ ᾬ ᶶ

-- ῏Ϛ ḟứҟ ᴆ╬Ȳế’ Ҡӣ∂ ᾬ
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רּ : Ἢ ῶ ᴆ∟ ֯Ἁ Ԍ┤Ὲ,ԛѿⱧ

֫
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⅜
Shielding blocks

Reinforcing iron rods

Ϧ Reception table

Ḋ ȳ ӖӢ ₇

֯ М Ԓѿṝᵂ⁄
ṿӣ֫ןἨԛᵓӣ  ₇

ᵍ е

ϝ. вҵ ᶰ  ế Ё ếԛᵓӣן֫ Ẃ

1.  


